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With the increased consumption of raw seafood in recent years, reports of foodborne 32 illnesses have also gradually increased. Bacterial contamination is the primary hazard, 33 especially pathogenic Vibrio species [1] . Vibrio parahaemolyticus is widely present in 34 shallow seawater and is attached to the body surfaces of some marine crustaceans, 35 mollusks, and other aquatic organisms, where it grows and reproduces. In most 36 environmental samples, V. parahaemolyticus does not contain thermostable direct 37 hemolysin and thermostable direct hemolysin-related hemolysin, which are two 38 virulence factors that are harmful to humans [2] . However, a small number of V. 39 parahaemolyticus bacteria that carry these factors are pathogenic and can cause nausea, 40 vomiting, abdominal pain, diarrhea, fever, and other symptoms of acute gastroenteritis. 41 These cases primarily occur when people consume contaminated seafood. Particularly 42 in a patient who already has significant health problems, this infection may cause 43 dehydration, shock, coma and even death [3, 4] . Therefore, it is critically to kill or 44 inactivate V. parahaemolyticus in edible raw seafood. 45 Ozone is unstable in water. It will produce a single atom of oxygen, hydroxyl radicals 46 and other strong oxidants whose oxidation potential is weaker than fluorine but stronger 47 than chlorine. Aqueous ozone can kill or inactivate bacteria, fungi, protozoa, viruses 48 including hepatitis A and B, human immunodeficiency virus, and other organisms in 49 surface ocean water and food [5] . The bactericidal effect of aqueous ozone is 600 to 50 3000 times greater than that for the same concentration of chlorine [6] . Highly 51 concentrated aqueous ozone obtained by electrolysis does not contain toxic nitrogen 52 oxides and other byproducts. The U.S. Food and Drug Administration has ruled that 53 
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ozone can be safely used as a fungicide in food production, and the U.S. Environmental 54 Protection Agency has also agreed to the use of ozone as a disinfectant [7] . Currently, 55 ozone is considered as a good, safe food preservative that has been widely used in 56 factories to sterilize frozen seafood before packaging [8] . Ozone can also be used to 57 sterilize and disinfect cold storage facilities, processing plant equipment, air, household 58 disinfection cabinet [6] , drinking water and wastewater [9, 10] , fruits and juice [11, 12] , 59 and vegetables [13] . Ozone tolerance varies among microorganisms. Susceptibility to 60 ozone sterilization is related to the type of microorganism [10] , its microbial growth 61 period and density [14] , the ozone concentration and stress response [15] , and other 62 factors [16] . At present, Escherichia coli is the primary model organism used to study 63 the mechanism of ozone sterilization [15] . Ozone and its decomposition products 64 increase the permeability of the lipid bilayer in bacterial cell membranes and decrease 65 their integrity [17] . These compounds then react with enzymes, DNA and RNA, causing 66 the cell contents to leak through the permeable cell membranes [18] [19] [20] . This is the 67 primary process underling E. coli sterilization. 68 In this study, V. parahaemolyticus was used to study the effectiveness of aqueous 69 ozone at various concentrations and stress times, and against different bacterial Ltd., China) agar plate, which was incubated at 37 °C for 18 -24 h. Large round green 87 translucent colonies were selected from the agar using a loop, and they were then 88 incubated in alkaline peptone water with shaking at 150 rpm for 18 -20 h at 37 ºC [23] . 89 To produce growth curves, 1 mL of culture was re-incubated in 200 (Table S1) with aqueous ozone nor ultrasonically processed were used as the spontaneous group.
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Cells that were lysed directly by ultrasound were set as the maximum LDH released and it remained stable for 45 -75 min; moreover, the change in absolute value of 241 aqueous ozone concentration was relatively smooth from 60 to 75 min ( Fig. 1-A) . 242 Therefore, aqueous ozone was chosen as the experimental material at 60 min. efficacy declined with the increasing bacterial density (Fig. 1-C) . With fixed 256 concentrations of aqueous ozone and bacterial density, the sterilization effect was 257 enhanced when the exposure time was increased ( Fig. 1-D 
Key factors analysis for the sterilization ratio of aqueous ozone
262
The above three selected experimental parameters were optimized using response 
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The experimental data for the sterilization ratio were statistically analyzed by variance 273 ( A of the aqueous ozone concentrations was found to be the most influential factor in 283 the sterilization ratio, while all the other factors were also important. A C C E P T E D was reduced by 30.5% compared to the control sample ( Fig. 2-A the amount of enzyme was also increased (Fig. 2-B) , showing a dose-response 302 relationship, and suggesting the cell envelope was damaged during ozonation.
303
Furthermore, the ultra-structure of the cell was revealed by TEM to determine the 304 morphological changes in the internal and external cell structures by applying aqueous 305 ozone. After aqueous ozone treatment, the irregular shape and rupture of the cell wall 306 were observed, and the majority of the cells appeared to be hollow, which may have 307 been caused by the loss of cell contents (Fig. 2-C) , such as lactate dehydrogenase.
308
Control cells without aqueous ozone treatments had intact cell walls and membranes, 309 and a uniform cell cytoplasm (Fig. 2-D) . The effect was similar to that observed in E. However, as the aqueous ozone concentration increased, the SOD activity decreased.
327
The activity was 39.68 ± 4.32 U/mg protein when treated with 1.2 mg/L aqueous ozone, 328 which was 52% of the control sample. A high concentration of aqueous ozone exceeded 329 the antioxidant capacity of the intracellular SOD, which broke the antioxidant balance.
330
The effects on CAT were similar to those of SOD when treating with aqueous ozone 331 ( Fig. 3-B) . The CAT activity also showed a progressive increase with low 332 concentrations of aqueous ozone (0 -0.0625 mg/L). were treated with a series of aqueous ozone concentrations (Fig. 4-A was greater than 1 mg/L, its sterilization ratio was more than 56.53% ( Fig. 1-B) , and Fig. 1-B) . (Fig. 5-A ).
383
The above results (Fig. 2, 3, and 4) 47 genes that were up-or down-regulated by more than 2-fold in response to exposure 388 to 0.1 mg/L and 1 mg/L aqueous ozone, respectively (P < 0.05) ( Table S5) parahaemolyticus, was screened out through transcriptome sequencing (Table S5) and   415 was inhibited between the control and the aqueous ozone exposure concentrations 416 (0.0625 -1.2 mg/L) by qPCR ( Fig. 5-C) . However, neither the SoxS nor the RpoS gene 417 was identified by transcriptome sequencing (Table S5) activity, and responding to stimuli (Fig. 6-A) . These findings indicated that V. concentrations, the expression levels of almost all genes were inhibited ( Fig. 6-B A C C E P T E D 
